Objective: Emphasis on improving healthcare quality has led to centralization of services for patients suspected of ovarian cancer. As centralization of services may induce treatment delays, we aimed to assess compliance with health system interval guidelines in patients suspected of ovarian cancer. Within this period, median treatment intervals decreased from 34 to 29 days, and the percentage of patients in which treatment interval guidelines were met increased from 63.5 to 72.2%. New regulations and increased awareness of health system intervals inspired changes in local practice leading to improved compliance with guidelines. Compliance was highest in patients that were directly referred to our academic hospital. Conclusion: Evaluation of health system intervals in patients suspected of ovarian cancer was feasible and may be applicable to other MCNs. Though compliance with guidelines improved within the study period, there is potential for improvement. To facilitate real-time evaluation of compliance with national guidelines establishing uniformity of electronic patient files in the MCN is deemed essential.
Introduction
Within the past decade healthcare expenses have escalated. The increase may be attributed to factors such as an ageing population and development of expensive new treatment strategies. As expenditures place an increasing strain on health care budgets, a transition from volume-based payment models to value-based payment models has been suggested [1] . Though many of the specific quality indicators to be used in value-based payment models still need to be defined, it is evident that standardization of services is essential.
To direct standardization of services for oncological patients, the development of guidelines based on specific, accurate and measurable quality indicators is important. It has previously been suggested that such guidelines should cover three elements: structure, process and outcome [2] . In the case of ovarian cancer care, quality indicators have been identified in all three areas. For example, it has been demonstrated that complete cytoreduction is strongly associated with improved survival [3] [4] [5] [6] and that patients treated in high volume hospitals by specialized gynecologic oncologists have better surgical outcomes [7] [8] [9] [10] [11] [12] . Implementation of national guidelines has led to centralization of services for patients with ovarian cancer in the Netherlands [13] . In Europe, similar efforts have led to the development of Quality Indicators by the European Society of Gynecologic Oncology [14] .
Within the Netherlands general practitioners act as gatekeepers and refer patients to hospital when, and if, needed. Traditionally, patients suspected of ovarian cancer were staged and treated in the hospital of their choice. However, as of January 2013, guidelines were implemented requiring centralization of cytoreductive surgery to high-volume hospitals with specialized gynecological oncologists on staff. Other important aspects of these guidelines include mandatory discussion of all patients within a multidisciplinary setting, regional cooperation and the presence of an intensive care unit with sufficient experience in patients that have undergone large gynecologic surgeries.
To monitor quality of care for patients suspected of gynecological cancer within the north-eastern region of the Netherlands, a managed clinical network (MCN) was created. The network raises awareness for quality indicators in oncological health care and aims to improve the quality and uniformity of care for patients with ovarian cancer within the north-eastern region of the Netherlands. The University Medical Center Groningen (UMCG) is part of this MCN and receives patients from a total of 10 regional hospitals.
One of the drawbacks of a centralized care system is the possibility of inducing delay [15] . While the effect of longer waiting times on survival in ovarian cancer patients is debatable [16] [17] [18] , delays in therapy have been linked to anxiety, reduced patient satisfaction and quality of life [17, 19] . Furthermore, delay may be a reflection of inefficiently organized care. It has recently been demonstrated that early initiation of therapy in women suspected of epithelial ovarian cancer leads to additional quality-adjusted life years and is cost-effective in the Netherlands [20] .
To prevent occurrence of delay, national guidelines were implemented regarding time intervals between first medical consultation, diagnosis and the start of primary therapy [13] . The time intervals in the national guidelines are defined as follows:
-Referral interval, defined as the time between first medical consultation with general practitioner and first consultation with a gynecologist. -Treatment interval, defined as time from first consultation with a gynecologist to start of primary therapy. -Diagnostic interval, defined as time from first consultation with gynecologist to date of diagnosis or definite referral to treatment.
Additionally, our MCN locally implements the guideline 'waiting time for therapy' (primary surgery or chemotherapy) after diagnosis or definite referral to treatment. Due to centralization of services for patients suspected of ovarian cancer, primary surgery is currently performed in specialized high volume hospitals, whereas neoadjuvant chemotherapy may also be administered in local low volume hospitals. A graphic representation of these four time intervals, including the maximal number of days that were set for each interval according to the guidelines, is shown in Fig. 1 . To assess compliance with these guidelines, regular measurement of specific healthcare intervals is essential. Within our region, these intervals have not been investigated systematically in patients suspected of ovarian cancer. Therefore, a pattern of care study was conducted to measure healthcare intervals for patients referred to the UMCG with a suspicion of ovarian cancer in the years 2013 and 2014. Within the current study, compliance with national health system interval guidelines was defined as primary outcome. Assessment of statistical process control within our MCN and identification and elimination of special causes of delay were defined as secondary outcomes.
Methods

Study design
A retrospective cohort study was performed concerning women referred to the UMCG with a suspicion of ovarian cancer. We measured health system intervals within the first 2 years following the implementation of centralized services for ovarian cancer. All patients billed with the specific hospital consultation code for ovarian cancer in the UMCG between 1 January 2013 and 31 December 2014 were included in the study. Patients with missing health system interval data were excluded, as were patients that were referred for a second opinion from outside the region. Electronic patient files were used to measure time intervals as defined in the national guidelines.
Outcome measures
Compliance with national guidelines was defined as primary outcome. Assessment of statistical process control within our MCN and identification and elimination of special causes of delay were defined as secondary outcomes.
Definitions of the time intervals used in the current study are the same as those used in the national guidelines and those used in previously published studies. All time intervals were measured in days.
Data analysis
Health system intervals of directly referred patients (referred from general practitioner to the UMCG) and indirectly referred patients (referred from general practitioner to a regional hospital before referral to the UMCG) were analyzed separately to enable comparison of these two groups. Furthermore, a comparison was made between health system intervals of patients referred to our hospital in 2013 and 2014.
To improve quality of care, identification of exceptional reasons for treatment delay is essential. This is termed 'special cause variation'. Statistical process control, a key approach to quality improvement, was used to discriminate between expected ('common cause') variation and exceptional ('special cause') variation of the measured health system intervals, [21] [22] [23] . Control charts were used to visualize and assess statistical process control within the MCN. Health system intervals from individual patients were plotted in chronological time order. Within the control charts, the dotted horizontal line represents the maximal time interval according to national guidelines. Treatment intervals marked with a red square and a 1 were located >3 standard deviations above the mean and were defined as outliers. These treatment intervals were investigated further to assess any reasons for special cause variation. Median health system intervals were compared to the national guidelines to assess compliance.
The Kruskall-Wallis test for independent groups was used to investigate differences in intervals among patients diagnosed in 2013 and 2014. Differences were considered statistically significant at P < 0.05. Statistical analyses were carried out using Minitab 17, Minitab Inc, Pennsylvania, USA.
Results
Patients
Medical records from 370 patients that were referred to the UMCG with a suspicion of ovarian cancer between 1 January 2013 and 31 December 2014 were retrieved. In total, 306 of the indirectly referred patients and 31 patients of the directly referred patients were included in the analyses (Fig. 2 ). An overview of the waiting times for indirectly referred patients is shown in Table 1 .
Treatment interval
The most important interval defined in the national guidelines is the treatment interval. (Fig. 3) .
Further investigation of the outliers depicted in Fig. 3 uncovered a number of reasons for the exceptionally long treatment intervals of these patients. First of all, in some patients treatment for suspected ovarian cancer was only initiated after a second opinion. Furthermore, in a few patients treatment was postponed (due to patient's own wishes or medical reasons), and other patients had long referral intervals due to difficulties in obtaining additional diagnostic information. A number of factors were identified which may have contributed to the reduction in treatment intervals between 2013 and 2014. For example, in 2013 there were technical problems concerning retrieval of CT-scans from external sources, and there was a relatively long waiting list for surgery. In 2014 these problems were solved, which may have contributed to the reduction in treatment intervals.
Referral interval
The maximal referral interval is 7 days. The data that were needed to calculate the referral interval was available for 218 indirectly referred patients. No change was determined in median referral intervals between 2013 and 2014; they measured 7.0 days (IQR 5.0-9.0 days) in 2013 and 5.0 days (IQR 3.0-6.3 days) in 2014. Although the median referral intervals described were compliant with the national guideline, the maximal referral time was exceeded in 19.3% of patients in 2013 and 18.6% of patients in 2014. The relatively large range in referral intervals can partially be explained by a number of outliers. Within this group of outliers, a majority of patients were suspected of ovarian cancer after a coincidental finding on ultrasound imaging during the first consultation with a gynecologist.
Diagnostic interval
The maximal diagnostic interval is 21 days. Diagnostic intervals were calculated for 303 indirectly referred patients. In 2013 the guideline was met in 60.5% of patients, and this increased to 67.6% of patients in 2014 (P = 0.044). The median diagnostic interval was 
Waiting time for therapy
The maximal waiting time for therapy is 21 days. Waiting time for therapy for patients undergoing surgery was evaluated for 217 indirectly referred patients. An improvement was seen in the surgical treatment intervals between 2013 and 2014 (P < 0.001). In 2013, the median surgical treatment interval was 17.0 days (IQR 9.0-24.0 days) and the guideline was met in 63.1% of patients. In comparison, in the following year, the median surgical treatment interval was 13.0 days (IQR 6.0-17.0 days) and the guideline was met in 83.9% of the patients.
Waiting time for patients undergoing neo-adjuvant chemotherapy was evaluated for 64 patients. An increase in the median chemotherapy treatment interval was seen between 2013 and 2014, however, the number of patients involved was too small to calculate whether this was statistically significant. In 2013, the median chemotherapy treatment interval was 6.0 days (IQR 2.5-20.5 days) and the guideline was met in 78% of patients. In 2014, the median chemotherapy treatment interval was 14.0 days (IQR 7.0-17.0 days) and the guideline was met in 82.6% of patients.
Directly referred versus indirectly referred patients
In total, 31 patients suspected of ovarian cancer were directly referred from general practitioner to the UMCG. Twenty-eight of them received treatment (Fig. 2) . We compared treatment intervals in 27 directly referred patients with 281 indirectly referred patients that received treatment (Supplementary Fig. 1 ). The median treatment interval for directly referred patients in 2013 was 34.0 days (IQR 22.0-51.0 days) with 88.9% of all patients meeting the national guideline, in 2014 the median treatment interval was 29.0 days (IQR 22.0-43.5 days) with 100% of all patients meeting the national guideline. In 2014, patients referred to the UMCG directly had a shorter median treatment interval compared to indirectly referred patients; the median treatment interval for indirectly referred patients was 28.0 days (IQR 9.0-35.5 days).
The median diagnostic interval for directly referred patients was 6.0 days (IQR 4.5-12.5 days) in 2013, with 83.4% of all patients meeting the national guideline. In 2014, the median diagnostic interval was 6.5 days (IQR 0.0-19.0 days) with 90.0% of all patients meeting the national guideline.
The median referral interval of directly referred patients in 2013 was 12.0 days (IQR 2.3-22.8 days) and 40% of all patients were compliant with the national guideline. In 2014, the referral interval was 4.5 days (IQR 0.0-8.5 days) and 80.0% of all patients were compliant with the national guideline.
A comparison of the health system intervals of patients that were directly and indirectly referred can be found in Table 2 .
Discussion
Within the current study, healthcare intervals in patients suspected of ovarian cancer were measured to evaluate compliance with national guidelines. Identification of patients using hospital consultation codes for ovarian cancer and calculation of health system intervals from electronic patient files was feasible. However, the lack of shared electronic patient files and comprehensive privacy regulations impeded efficient data collection. Special causes of delay were identified and eliminated, and improvements in compliance with national guidelines were demonstrated between 2013 and 2014.
Within the study period, new national regulations and improved awareness of health system intervals led to changes in local practice, resulting in improved compliance with guidelines. For example, a standardized one-weekly consultation between regional general gynecologists and gynecologic oncologists was initiated within our referral region and access to external CT-scans was arranged. Continuous implementation of changes in local practice may explain the absence of statistically significant improvements between 2013 and 2014. Importantly, the improvements in health system intervals that were demonstrated within this period are viewed to be clinically relevant.
Though the improvements that were achieved in compliance with health system interval guidelines were present in directly and indirectly referred patients, compliance with diagnostic and treatment interval guidelines was strikingly lower in indirectly referred patients. The reasons for this difference are currently unclear. We therefore suggest that further investigation is required, especially as the majority of patients are referred to the UMCG in an indirect manner. Another noteworthy finding was the unexpectedly low compliance with referral interval guidelines for directly referred patients in 2013 (40%). Reasons for this low compliance rate, and the increase in compliance to 80% in 2014 are also unclear.
While compliance with guidelines improved within the study period, the compliance rates themselves demonstrate the potential for improvement. Within the UK, the National Institute for Health and Care Excellence (NICE) referral guidelines for suspected cancer were implemented in 2005. In a study by Neal and colleagues, 15 cancer types were selected and diagnostic intervals were evaluated before and after implementation of these guidelines. The authors conclude that implementation of the NICE guidelines contributed to a reduction of diagnostic intervals in the UK between 2001-2002 and 2007-2008 [24] . Further implementation of national guidelines regarding health system intervals in the Netherlands is therefore deemed essential.
Whether a further reduction in health system intervals will improve survival of patients with ovarian cancer is subject of debate [14, 16, 17] . Indeed, the time between decision regarding treatment and start of treatment was not included in the newly published European Society of Gynecologic Oncology Quality Indicators due to a lack of evidence. Nevertheless, it has been suggested that shorter waiting times may improve patient satisfaction and quality of life [16, 17, 19] . Furthermore, Hoyer and colleagues used a discrete event simulation model to demonstrate that a reduction in treatment intervals leads to additional QALY's [20] . The model estimated an incremental cost effectiveness ratio of €2592 per QALY, which is far below the informal ceiling ratio that has been set at €80 000 in the Netherlands. Therefore, a reduction of health system intervals is deemed cost effective. As health expenditures are quickly accumulating, implementation of cost effective measures is of the utmost importance.
One of the challenging aspects of the current study was the involvement of 10 referral hospitals, and consequently a number of different electronic information systems. No readily accessible database containing medical information of all patients within the MCN exists, preventing real-time monitoring of health system intervals. The presence of digital borders between health care institutes was previously noted by Porter and colleagues, who stated that the current organization of healthcare and information systems impede the measurement of healthcare quality [19] . Development of an integrated information system covering all regional hospitals (and perhaps even all national hospitals) may aid the identification of factors that prolong health system intervals and facilitate rapid intervention where needed. Importantly, patient privacy must be ensured at all times according to European privacy and data protection laws, making this a difficult (but seemingly not impossible) challenge.
One of the main strengths of this study is the application of statistical process control in the context of quality improvement. As control charts are relatively easy to interpret for (clinical) staff without prior experience in statistical process control, they can provide important information needed to reduce health system intervals [22, 25] . Within the current study, the use of control charts indeed facilitated distinction between common cause variation and special cause variation, allowing us to focus on special causes of delay within the MCN. Furthermore, these analyses demonstrated a difference in health system intervals between directly and indirectly referred patients. While median health system intervals for both directly and indirectly referred patients were within the set guidelines in 2014, differences between these two pathways should be monitored closely as uniform quality of clinical care and service for patients within the region is one of the aims of the MCN. Moreover, regular evaluation of health system intervals using control charts will ensure rapid identification of potential new special causes of delay.
Another perceived strength of this study was the use of internationally accepted time intervals, allowing comparison with other studies. However, we are aware of only two other studies describing health system intervals specific for patients suspected of ovarian cancer [26, 27] . The large variations in health system intervals described in these three studies suggest differences in organization of care between the three hospitals/regions. These differences hinder any valuable comparison between the three studies. A comparison with other hospitals within the Netherlands may have provided useful information, however, these data were not available.
There are a number of limitations to this study. First of all, no data were gathered from the period before the implementation of the national guidelines. Moreover, the study design did not include markers of patient outcome such as survival, patient satisfaction or quality of life. Though not part of our primary objective, the absence of these data limit analyses on the impact of reducing health system intervals within this group of patients. It would be of interest to include markers of patient outcome in future studies regarding health system intervals for patients with ovarian cancer. Importantly, all quality measures require frequent re-evaluation and patient perspectives of care should be incorporated into evaluation of hospital quality, as previously emphasized by Dy et al. [28] .
In conclusion, we have described a method to measure health system intervals in patients suspected of ovarian cancer using hospital consultation codes and electronic patient files. This method may be applicable to other departments wishing to raise awareness of health system intervals and improve quality of care. Within the study period awareness of health system intervals inspired changes in local practice leading to improved compliance with guidelines, though there is clearly still room for improvement. Regular monitoring and evaluation of statistical process control are essential to enable further improvement of process quality within the MCN. However, establishing uniformity of electronic patient files in the MCN is deemed essential to aid real-time measurements of health system intervals.
Supplementary material
Supplementary material is available at International Journal for Quality in Health Care online.
